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ferecrystals, and different polytypes of the NbSe2 subunits. Metallic behavior was 
observed in electrical resistivity. The slight upturn in the resistivity at low temperature 
in higher m value indicates carrier localization. Carrier concentration decreases as the 
number of SnSe layer increases, but it decreases faster than expected, suggesting charge 
is transferred from the SnSe constituent to the NbSe2 subunit. A change from a negative 
to positive slope as a function of temperature was observed in carrier mobility as m 
increases. When plotted as a function of m/n ratio, electrical resistivity of the (m,3) 
compounds deviates from the predicted parallel resistor model, indicating the middle 
NbSe2 layer has a limited influence on resistivity of the compounds.  
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INTRODUCTION 
  
Due to the fast development in the semiconductor industry, a greater motivation 
to more comprehensive and in-depth research that focuses on the elemental and 
structural studies of nanostructured compounds continues to be an immense field of 
curiosity and mysteries for exploration.1 Devices are getting smaller but more functional 
day by day; hence, the ability to pack more functions per unit area is crucial to 
maximize efficiency in nanodevices.2 Since both structural and chemical components 
that make up nanomaterials are closely associated with their electrical and thermal 
properties, not only is it important to understand the synthesis technique, but it is also 
crucial to develop processing methods that will yield better quality materials.  
Nanomaterials lie at the intersection of chemistry, physics, materials science, 
and biology, and pose many latent and promising applications in the future. Potential 
opportunities and applications include but are not limited to development and 
advancement of low power, high frequency, and flexible electronic nanodevices.3 Due 
to their ability to be easily incorporated into devices, transitional metal dichalcogenides 
have recently been a focus of study. Transitional metal dichalcodgenides are trilayer X-
T-X sandwiches where X = S or Se and T = a transitional metal. A single layer of 
MoSe2 has successfully been used to manufacture phototransistors, low-power field 
effect transistors, and logic circuits.4–6 Nanostructured compounds of niobium 
dichalcogenides (NbX2 where X = S or Se) may be used for applications such as optical 
antenna, ultrasensitive surface-enhanced optical bio-sensing, and quantum processing.7–
 
 
2  
9 NbSe2 has been extensively studied for the past few decades10–12 because it possesses 
two unusual electrical transport properties: superconductivity and charge density waves.  
There exist a large number of undiscovered compounds based on these 2D 
materials. A number of 3D comprehensive inorganic compounds composed of 2D 
interwoven constituents with distinctive structures and properties are shaping the face of 
the new era of materials research.13 Misfit layer compounds (MLCs) and ferecrystals 
(FCs) are examples of these 2D interwoven materials. These compounds consist of a 
slab of a TX2 dichalcogenide layer interwoven with a slab of a rock salt MX structure, 
and they exhibit the general formula of ([MX]1+δ)m(TX2)n, where m represents the 
repeating units of the rock salt layer, and n refers to the repeating units of the 
dichalcogenide layer.12 The inability to access the kinetic products of a given misfit 
layer compound has limited the study of misfit layer compounds to m values of 1 and n 
value of 1-3. In traditional misfit layer compounds, only thermodynamic products can 
be accessed due to the high diffusion length and the high temperature synthesis method 
that is required to initiate nucleation.  
In contrast to misfit layer compounds, ferecrystals can be synthesized at lower 
temperatures by reducing the diffusion length between reactants to trap kinetically 
stable compounds. The term ferecrystals (FCs), derived from the Latin root “fere-”, 
gives the meaning of almost crystals.14 A turbostratic (rotational) disorder between 
subsequent subunits of the ferecrystalline compounds exist. These compounds exhibit 
long-range order in the a-b plane and short-range order in the c-axis. Figure 1 shows a 
schematic representation of the difference between misfit layer compounds and 
ferecrystals.  
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Figure 1: A schematic representation of a misfit layer compound (a), and a ferecrystal 
that exhibits turbostratic (rotational) disorder along the c-axis (b). 
 
The research reported here focuses on the structure-property relationship of 
intergrowth compounds ([SnSe]1+δ)m(NbSe2)3, or (m,3). Modulated Elemental Reactant 
(MER) technique was used to synthesize the compounds in this study. The technique 
allows the precise control of thickness and composition, which leads to shorter diffusion 
length, which in turn allows access to kinetically stable products. These low 
temperature compounds are annealed under a N2 inert atmosphere to promote self-
assembly of the precursor. Figure 2 displays an atomic representation of a ferecrystal 
with three dichalcogenide layers of NbSe2 and one layer of a rock salt unit: SnSe.  
 
Figure 2: Amorphous precursors of Nb|2Se and Sn|Se forms the targeted superlattice 
upon annealing at the optimal condition, yielding the desired (1,3) compound. 
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This study also continues the work of Alemayehu et al15,16 to explore the extent 
of charge transfer and electrical properties of the (m,3) compounds in comparison to the 
previously reported series of ferecrystals: ([SnSe]1.16)m(NbSe2)1, or (m,1)15 and 
([SnSe]1.16)m(NbSe2)2, or (m,2)16. It is hypothesized that the (m,3) compounds will obey 
the parallel resistor model (PRM) because there is one pristine layer of NbSe2 that does 
not interact with the insulating layer. Tin selenide (SnSe) has the capacity to donate 
charge and is an n-type semiconductor depending on the doping level: conducts through 
heavy electrons.17 In contrast, niobium diselenide (NbSe2) has the ability to accept or 
donate charge and is a p-type conductor: conducts through empty states.18–20 Previously, 
compounds that belong to the (m,1) and ([PbSe]1.14)m(NbSe2)1 families were both 
synthesized and thoroughly studied by Alemayehu et al,15,21 who introduced the PRM to 
explain the resistivity of a single NbSe2 layer. The PRM treated the NbSe2 layer as the 
only conducting constituent and the PbSe as the insulating constituent. The resistivity of 
the single NbSe2 layer in each compound could be extracted using Equation 1.21  
 
2NbSe eff
n
m n
ρ ρ  =  + 
                                                     (1) 
where 
2NbSe
ρ  is the resistivity of the NbSe2 layer, effρ is the total resistivity of the 
compound, m is the number of rock salt layers, and n is the number of NbSe2 layers. 
Based on the assumption that there is no interlayer interaction between the subunits, the 
model is used to predict the resistivity of the single conducting layer, NbSe2. Recently, 
a series of compounds in the (m,1) and (m,2) families were prepared. The parallel 
resistors model was then applied to (m,1) compounds, but similar to the analogous 
([PbSe]1.14)m(NbSe2)1 compounds, interlayer interaction between the insulating layer 
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and the conducting layer was observed.  In the (m,2) compounds, where there were two 
NbSe2 layers interfacing with SnSe, similar observations with the single layer NbSe2 
series were made. The electrical properties of both (m,1) and (m,2) compounds deviated 
from the parallel resistor model, indicating the presence of interlayer interaction 
between the subunits. If the number of NbSe2 layer is increased to three as in the (m,3) 
compounds where 1 < m < 30, these series of compounds might obey the PRM, since 
one layer of NbSe2 will be “sandwiched” in between two other NbSe2 layers and will 
have no direct interaction with the insulating constituent (SnSe) as seen in Figure 3. 
 
Figure 3: The ([SnSe]1+δ)m(NbSe2)3 compounds are expected to follow the resistors in 
PRM since there exists one middle layer of NbSe2 that does not have any interaction 
with the rock salt (SnSe) layers. 
 
EXPERIMENTAL 
([SnSe]1+δ)m(NbSe2)3 with 1 < m < 30 precursor compounds were synthesized 
using the Modulated Elemental Reactant (MER) technique in a custom-built vapor 
deposition chamber at base pressure of 1×10-7 Torr. Elemental sources of Sn (99.98% 
purity) and Nb (99.9% purity) were evaporated using 3kW Thermionics electron beam 
guns at rates of 0.02 nm/sec and 0.04 nm/sec respectively. Selenium (99.995% purity) 
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was evaporated from an effusion cell at a deposition rate of 0.05%. Quartz crystal 
monitors were placed 25 cm above each source to control the deposition rates. The 
substrates were mounted on a computer-controlled motorized stage. A custom-made 
LabVIEW program rotated the sample into position above deposition sources, and 
sequentially opened and closed the shutters following the preprogramed times and 
thicknesses. This process was repeated, building up the precursor layer-by-layer until 
the sample was about 400 to 600 Å thick. Desired precursors were deposited onto 
silicon wafer substrates, which were used for X-ray measurements, and quartz 
substrates, which were used for electrical measurements, after annealing.  
Prior to X-ray and electrical measurements, the amorphous precursors were 
analyzed by X-ray reflectivity (XRR) and were annealed in a N2 inert atmosphere (≤ 0.7 
ppm O2) at 400 °C for 20 minutes. Annealing parameters were optimized based on ideal 
diffraction patterns. Both high and low angles X-ray analyses were performed on 
Bruker AXS D8 diffractometer equipped with a Cu Kα (1.54 Å) radiation source, a 
Gobel mirror, and Bragg-Brentano optics geometry operated at 40 kV and 40 mA. Low 
angle (0-6° 2θ) and high angle (3-65° 2θ) diffraction scans were obtained using locked 
coupled θ-2θ geometry to determine the total thickness and repeat thickness of the 
compounds. Calculations of total film thickness using XRR patterns and c-lattice 
parameter after annealing were discussed in detail previously in the literature.22,23 In-
plane X-ray diffraction data was carried out using the Rigaku SmartLab X-ray 
Diffractometer (1.54 Å) to determine the ab-plane lattice parameters. 
Electrical resistivity and Hall effects were measured using the van der Pauw 
technique, using indium to create contacts between the Cu wires and the film.24 
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Electrical resistivity was measured as a function of temperature, ranging between 11 K 
and 295 K. Hall effect measurements were carried out at a constant current of 0.100 A 
with magnetic fields of 0-1.6 T. A Keithley 2181A nanovoltmeter was used to measure 
the potential difference between two arms of the cross as the potential difference was 
induced to pass through the other two arms. After determining the slope of the current-
voltage curve, sheet resistance was calculated. Total thickness of the film was used to 
find the total resistivity of the compound.25 
Electron Probe Micro-Analysis (EPMA) performed on a Cameca SX-100 was 
used to determine the composition ratios between elements through a thin-layer 
technique described by Phung et al.26 Pieces of precursors and annealed film on Si 
substrates were glued onto Al pugs for measurement. Standards of Sn, Nb, Se, Si, and 
MgO were used as references to quantify the atomic composition of the analyzed 
samples. Accelerated voltages of 10, 12, and 15 keV were used to collect intensities 
through a thin-layer technique previously described by Donovan et al.27 Composition of 
compounds was calculated from the acquired signal from the film and substrate as a 
function of accelerating voltage.28  
Scanning Transmission Electron Microscopy (STEM) samples were prepared by 
film thinning and cleaning using an FEI NOVA Nanolab Dual Beam FIB equipped with 
side winder ion column and performed on the FEI Titan 80-300. TEM/STEM equipped 
with a high angle annular dark field (HAADF) described by Nellist and Nellist et al29,30 
was used to obtained STEM images.  
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RESULTS AND DISCUSSION 
Synthesis and Characterization  
A detailed discussion of the synthesis process to form the desired ferecrystalline 
compounds from modulated precursors is emphasized elsewhere by Alemayehu and 
coworkers.25 Concisely, the synthesis of (m,3) series requires calibrating its precursor 
for correct thickness and stoichiometry that will yield one unit cell of the 
([SnSe]1+δ)m(NbSe2)3 compound. Synthesizing (m,3) compounds requires depositing m 
layers of SnSe and 3 layers of NbSe2. Each bilayer of SnSe and trilayer of NbSe2 
requires composition ratios of 1:1 and 2:1 for Se/Sn and Se/Nb respectively along with 
stoichiometric ratio of Sn/Nb targeted at 1.16:1. Excess amount of Se (~ 4-5%) is 
deposited to compensate for the loss of selenium through vaporization during annealing. 
In order to find the optimal conditions for the compounds to self-assemble, six equal 
pieces of the same (3,3) compound were annealed at temperatures  ranging between 100 
°C to 600 °C for 20 minutes as shown in Figures 4a) and 4b). The XRD pattern after 
annealing at 400 °C for 20 minutes shows the narrowest full width at half maximum 
(FWHM) as well as the highest intensity for the 00l reflections, highlighting that this is 
the optimal annealing condition. The 00l scans at 500 °C and 600 °C for 20 minutes 
display a significant decrease in intensity as seen in Figure 4a, indicating the 
decomposition of the compound. All samples of the (m,3) family reported in this study 
are annealed at 400 °C for 20 minutes. 
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Figure 4: Annealing study of (3,3) compound at temperatures ranging from 100 °C to 
600 °C for 20 minutes (a), and a detailed view of the  (00 12) reflection to emphasize 
the optimal annealing condition based on the narrowest line width (b). 
 
Diffraction patterns of (m,3) ferecrystals are displayed in Figure 5 with 00l 
Bragg reflections from the repeating units of the respective compounds, showing that 
the film is crystallographically aligned to the substrate. The c-lattice parameters of the 
compounds increase dependently as a function of SnSe layers (m) thickness increases as 
presented in Table 1. 
Table 1: c-lattice parameters of the ([SnSe]1+δ)m(NbSe2)3 compounds as a function of m 
m [number of SnSe layers] c-lattice parameters [Å] FWHM [°] at 14° 
1 24.92(7) 0.242 
2 30.50(5) 0.285 
3 36.56(6) 0.272 
4 42.20(1) 0.264 
5 47.97(8) 0.238 
6 53.81(9) 0.243 
30 192.20(5) 0.228 
 
The c-lattice parameters of all compounds are plotted as the function of m, and 
the slope obtained from linear fit represents the thickness of one SnSe layer with a value 
of 5.78(4) Å. With error already taken into account, the calculated value from this study 
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is the same as the SnSe thickness found in the (m,1) and (m,2) compounds, 5.77(5) Å 
and 5.78(3) Å respectively, as reported by Alemayehu et al.15,16  
 
Figure 5: 00l XRD patterns of ([SnSe]1+δ)m(NbSe2)3 compounds with selected Bragg 
reflections indexed to the left of the corresponding peak. 
 
The thickness of one NbSe2 layer studied here, 6.36(1) Å, is slightly smaller 
than the previously reported NbSe2 layer in the (m,1) but is the same as that of the (m,2) 
compounds, whose one single dichalcogenide layer has the thicknesses of 6.48(8) Å and 
6.40(5) Å, respectively. The c-lattice parameter of NbSe2 layer falls within the reported 
values of 6.30 Å found in ([PbSe]1.14)1(NbSe2)n to 6.38(2) Å found in 
([PbSe]1.10)1(NbSe2)n as described by Alemayehu et al and Oosawa et al 
respectively.21,31 Kershaw et al also reported a thickness range of 6.28-6.35 Å for an 
isolated binary NbSe2.32  
Table 2: In-plane lattice parameters of the ([SnSe]1+δ)m(NbSe2)3 compounds as a 
function of m 
m a-lattice of SnSe [Å] b-lattice of SnSe [Å] a-lattice of NbSe2 [Å] Misfit (δ) 
1 5.98(1) - 3.46(1) 0.16 
4 4.307(1) 4.219(3) 3.47(1) 0.15 
6 4.320(3) 4.221(4) 3.46(1) 0.14 
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The observed in-plane reflections seen via grazing incident in-plane diffraction 
are the result of two distinguished crystal structures of SnSe and NbSe2 as observed in 
Figure 6 and the inset. The in-plane lattice parameters are summarized in Table 2. 
Similar to the work of Beekman et al33 and Alemayehu et al25, the reflections of SnSe 
can be indexed using rectangular basal plane of a 3D-orthorhombic structure whereas 
the Bragg peaks of NbSe2 subsystem can be indexed using hexagonal basal plane.  
 
Figure 6: In-plane diffraction pattern of the (6,3) compound. The inset shows the hk0 
XRD patterns of selected compounds in the (m,3) series. (*) marks in the inset indicate 
substrate peaks. 
The observed a-lattice parameters of the NbSe2 subunit, 3.46(1)-3.47(1) Å, fall 
within  a-lattice parameter ranges for bulk 2H-NbSe2 polytype (3.449-3.460 Å)  but is 
slightly larger than bulk 4H-NbSe2 polytype,  3.433-3.444 Å.20,34 It is also within the 
range of a-lattice parameters observed by Wiegers et al for NbSe2 in misfit layer 
compounds: 3.429-3.449 Å.12 Similar to the (m,1) compounds, a-lattice parameters stay 
constant for NbSe2 throughout (m,3) compounds. For the SnSe constituent, there is no 
rectangular distortion observed in the (1,3) compound, thus its a-lattice parameter gives 
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an expected value of 5.98(1) Å. Due to its basal plane distortion, which is seen clearly 
in compound (6,3) shown in Figure 6, the a-lattice parameters of the SnSe constituent in 
higher m compounds deviates from that of the (1,3) but still fall within the reported 
range of the (m,1) compounds, 4.256(4)-4.354(3) Å.15  
Information about b-lattice parameter is also obtained from hk0 diffraction, 
reporting values of 4.219(3) in (4,3) and 4.221(4) Å in (6,3) compounds.  Bulk SnSe as 
reported by Krebs has an a-lattice parameter of 4.441 Å and b-lattice constant of 4.161 
Å.35 This shows that the (m,3) compounds exhibits slightly smaller a-lattice constants 
and somewhat larger b-lattice parameters than SnSe bulk structure. Changes in in-plane 
lattice constants of SnSe result in a misfit parameter (δ) deviation from 0.16 in the (1,3) 
compound to 0.14 in the (6,3) compound. A similar observation in misfit parameters 
variation of +0.02 due to an increase in the area of the SnSe as a function of m was also 
previously reported by Alemayehu and coworkers.15 
Figure 7: HAADF-STEM images of the (5,3) compound, showing consistent layering of 
constituents in (a), (110) orientation of SnSe layers in (b), and two different polytypes 
of NbSe2 layers in (c). 
  To gain a better understanding into the structural features of these compounds, 
high angle annular dark field scanning transmission electron microscopy (HAADF-
STEM) images were collected. HAADF-STEM images of a (5,3) compound are 
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displayed in Figure 7. Five consecutive double SnSe layers followed by three units of 
NbSe2 trilayer are observed. The different orientation observed in each layer of the 
constituent points towards the presence of turbostratic disorder between subsequent 
layers, which is the signature feature of ferecrystals. In Figure 7a, the darker layer 
corresponds to the NbSe2 subsystem while the brighter layer represents the SnSe 
constituent. Figure 7b shows (110) oriented SnSe while a trigonal prismatic 
coordination for the Nb in the NbSe2 layer is highlighted in Figure 7c. Figure 7c also 
shows the a portion of the NbSe2 layer that crystallizes as 2H- and 2/3rd of a 3R- 
polytype as previously reported in higher order NbSe2 compounds by Alemayehu et 
al.36  
Electrical Properties 
 
 
Figure 8: Metallic behavior seen in temperature-dependent resistivity for all 
compounds. 
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Previous reports on NbSe2-containing misfit layer compounds and ferecrystals 
suggest that conduction is dominated by the NbSe2 constituent,12,15,21 so the resistivity 
of the ([SnSe]1+δ)m(NbSe2)3 compounds expectedly increases as the number of 
insulating layer SnSe grows while NbSe2 thickness remains constant. Figure 8 displays 
temperature dependent resistivity for compounds with 1 < m < 30. Metallic 
temperature-dependent resistivity trend is observed for all compounds, similar to the 
(m,2) compounds and bulk-NbSe2.37 In the (m,1) ferecrystals, semiconductor-like 
behavior is seen in higher m values (m = 6-10). 
In contrast, all compounds exhibit metallic behavior even at higher values of m 
in both (m,2) and (m,3) series. Like the (15,2) and (20,2) compound, the (30,3) 
ferecrystal also has a slight upturn at low temperature, suggesting localization of 
carriers. The trend in resistivity observed in Figure 8 rises surprisingly higher than the 
normal rate expected of linearly adding more m layers, and a similar observation is also 
seen in the (m,1) and (m,2) compounds. This occurrence is attributed to either decrease 
in carrier concentration and/or carrier mobility. 
Bulk NbSe2 was previously reported to conduct dominantly through empty 
states, thus it is considered to be a p-type conductor.18,37 In contrast, bulk SnSe can be 
either n- or p-type, depending on its dopants.17,38,39 The measured Hall coefficient 
values of all ferecrystals reported here are all positive, which is indicative of holes 
being the dominant carriers in these compounds. This observation is similar to Hall 
coefficients reported for NbSe2 bulk material as well as the (m,1) and (m,2) compounds. 
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Figure 9: Carrier concentration is plotted as a function of temperature. 
To better understand the trend in resistivity of the (m,3) compounds, temperature 
dependence carrier concentration is plotted in Figure 9, where carrier density is 
calculated from values obtained from measured Hall coefficient data, assuming a single 
band model. Carrier concentration of all compounds decreases as the number of SnSe 
increases, indicating the presence of charge transfer from the insulating layer SnSe to 
conducting constituent NbSe2. This systematic drop in carrier concentration corresponds 
inversely to a steady rise in resistivity trend seen in Figure 9. Similar trends in both 
resistivity and carrier concentration are observed in the (m,1) and (m,2) compounds.  
A log-log graph of mobility as a function of temperature is shown in Figure 10. 
Carrier mobility is derived from the measured resistivity and Hall coefficient data, using 
a single-band model approximation. As previously seen by Alemayehu and coworkers, 
mobility of the compounds is dominated by carriers of NbSe2 at lower values of m, but 
carriers of SnSe contributes more at higher m values, switching the temperature 
dependence of the mobility in an analogous (m,2) series of compounds.16 Comparable 
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observation is also seen in the (m,3) compounds reported here, where the slope of 
carrier mobility slowly changes from a negative to a positive at higher values of m.  
 
Figure 10: The double logarithmic carrier mobility plotted as a function of temperature. 
Figures 11 shows electrical data of the (m,3) compounds at room temperature as 
the function of m/n ratio. At lower m values, the resistivity at room temperature for the 
(m,3) are very similar to those of the (m,1) and (m,2) compounds, indicating that adding 
more layers of SnSe has limited contribution to the electrical resistivity of the 
ferecrystals as seen in Figure 11a. The red dashed line shows the predicted resistivity of 
the (1,1) compound as if the NbSe2 constituent had no interactions with the SnSe 
insulating subunit. One would expect the resistivity of the (m,3) compounds to fall on 
the predicted line and follow the PRM, for it consists of a NbSe2 middle layer that does 
not interface with the SnSe layer. However, similar to the (m,1) and (m,2) compounds, 
the resistivity at room temperature of the (m,3) deviates from the predicted model, 
suggesting that the middle NbSe2 constituent has limited influence on the electrical 
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resistivity of the system despite of its “sandwiched” position within the other two layers 
of NbSe2.  
 
Figure 11: Plots of resistivity at room temperature (a) and carrier density at room 
temperature as a function of m/n ratio (b). All dashed black lines are used only to guide 
the eye. 
Furthermore, carrier concentration values of compounds with the same m/n ratio 
in the (m,3) are almost the same as the (m,2), indicating the amount of charge transfer 
between the layers for the two series is relatively similar. As suggested by Alemayehu 
and coworkers,16 the thickness limit of charge transfer is reached in the (20,2) 
compound. The (30,3) has almost the exact value of carrier concentration as the (20,2) 
as shown in Figure 11b. 
Mobility at 295 K is plotted as a function of m/n ratio for the (m,1), (m,2), and 
(m,3) series as displayed in Figure 12. At lower m/n ratios, carrier mobility across three 
series of ferecrystalline compounds with the same m/n ratio show very slight changes in 
values. Furthermore, mobility data at room temperature of compounds with the lowest 
m/n ratio almost have the same value. Compounds (20,2) and (30,3) have the same 
carrier mobility. This once again validates that the difference in interfaces in general has 
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little to no effects in compound with the same m/n ratio as previously suggested by 
Alemayehu et al.16 
 
Figure 12: Carrier mobility at room temperature is plotted against m/n ratio. All dashed 
black lines are used only to guide the eye. 
CONCLUSION 
Structurally, the (m,3) compounds are similar to that of the (m,1) and (m,2). 
STEM images of the (5,3) compound show turbostratic disorder between subsequent 
layers and the presence of multiple stacking possibilities also found in (m,2) 
compounds, which can explain the lower mobility of the (m,3) compound in comparison 
to (m,1) and (m,2). In-plane diffraction shows the basal plane of the SnSe distorts as a 
function of SnSe thickness similar to the (m,1) and (m,2) compounds. Metallic 
temperature dependent resistivity was observed, which is consistent with what was 
observed for the (m,1) and (m,2) compounds.  
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Although the (m,3) compound has one single NbSe2 layer which does not 
interface with the insulating layer SnSe, it has limited influence on the electrical 
resistivity of the compounds. The (m,3) series has relatively comparable amount of 
charge transfer compared to the (m,1) and (m,2) compounds. 
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